The fracture toughness of No.45 steel before and after corrosion is studied in this paper.Two experiments have been carried out about hardness experiment and COD experiment before and after corrosion. And the influence of corrosion condition of the hardness increment and fracture toughness is analyzed here. From the hardness test, we find that the hardness of No.45 steel rise at first and then fall down to the original hardness, and the maximum increment of No.45 steel is 21.From the COD experiment, we find that the stress intensity factor of No.45 steel before and after corrosion are 190.7Mpam 1/2 and 149.8 Mpam 1/2 respectively while their corresponding average stress of crack tip are 1076Mpa and 845.6Mpa.It can be seen that hydrogen sulfide corrosion increases the brittle facture sensitivity of 45 steel, reduces the fracture toughness, and produces crack tip stress of 230.5Mpa. When we take the hardness of the experimental results into the hardness -stress calibration formula, the hydrogen corrosion generates 239Mpa hydrogen stress. The results of experiment hardness experiment and COD experiment are less than 10% of the crack stress in the COD experiment, which proves that hydrogen corrosion will cause hydrogen stress and then lead to the decrease of fracture toughness.
Introduction
Hydrogen sulfide can cause hydrogen damage of steel and lead the material to brittle fracture. It can also lead to catastrophic accident of large petrochemical equipment. The reason is that the hydrogen corrosion reduce the performance of the material to a certain extent and then make the material fracture. Therefore, it is very important to study the fracture toughness of the material for predicting the reliability of petrochemical equipment.
In recent years, Swieczko-Zurek B [1] found the material surface hardness is higher than the internal hardness after soaking in the hydrogen sulfide corrosion. Zhao Jingwei [2] other researches showed that there was a certain relationship between the hydrogen content and hardness, and put forward corresponding formulas for different materials. M Martin [3] had a new discovery of the hydrogen damage mechanism. He used scanning electron microscopy and atomic force microscopy to study the degree of hydrogen damage of different materials under different loads. It was found that there is a common property that the plastic deformation occurred before cracking and hydrogen accelerate the plastic deformation.
There are two experiments in the paper. The first experiment uses the No.45 steel as object of the study in order to obtain the hardness increment along the depth after 96h soaked in corrosive environment and the hydrogen sulfide concentration is 1700ppm Combining the hardness-stress calibration formula. Then, the COD experiments of No.45 steel before and after 96h soaked in 1700ppm corrosive environment were carried out to obtain resistance curves, as well as the fracture toughness δ 0.2BL . Finally it proves that hydrogen corrosion will cause the hydrogen-induced stress and leads to the decrease of fracture toughness.
Experiment Method

Experiment material
No.45 steel is used in this paper. The mechanical properties of the material are shown in Table 1 . 
Specimen
Specimen for hardness test
No.45 steel is selected as the experiment, the diameter is 18mm while the height is 12mm.
The specimen form of fracture toughness experiment
According to GB/T 21143-2007 [4] "Standard test method for static fracture toughness of metallic materials" to design the sample, three-point bend specimen is selected in this paper. Based on the requirement of the standard, sample thickness B=10mm, sample width W=20mm, span S=80mm.
According to the standard requirements, the specimen was pre-cracked by using high frequency fatigue testing machine, the maximum fatigue load is 14.87kN, the stress ratio R =0.1, and the length of fatigue crack length is 1.5 mm.
Experimental environment
The hardness experiment after hydrogen sulfide corrosion and the fracture toughness test before and after hydrogen sulfide corrosion are carried out in the paper. according to NACE [5] , standard A solution is used in this paper. This solution consisted of 5.0 wt% sodium chloride and 0.5 wt% glacial acetic dissolved in distilled water, and the H2S concentration of the solution should be saturated. Corrosion time is 96 hours. After the specified corrosion time has been reached, the specimen is removed from the corrosive environment, wiped, and the relevant experiments are carried out in the air. In order to obtain the distribution of hardness along the depth of the cylinder specimen in the hydrogen corrosion environment, we adopted the method of peeling method. The Zwick Roell Z2.5 hardness tester is used in hardness test and Vickers hardness HV0.2 is considered as a test indicator. GB / T4340.1-1999 metal Vickers hard test [5] Part 1" is selected as the test standad, and loading time is 8s, holding time is 15s, maximum test load is 1.961N, unloading time is 4s.
Hardness experiments of No.45 steel in hydrogen corrosion environment.
According to GB/T 21143-2007 "Standard Test Method for static fracture toughness of metallic materials" [4] , multi-sample method is used for the fracture toughness experiments. Specimen was loaded and the crack opening displacement was measured by a clip gage. when the displacement reached to a certain value , unload the specimen and the force-displacement curve was recorded. And these samples were broken after frozen by liquid nitrogen. The original crack propagation length a 0 and the final crack expansion amount Δa are measured and the crack tip opening displacement δ is calculated.
For a three-point bending specimen, δ is calculated as follows: 
The validity of δ 0.2BL is validated with the following conditions: 1) There is at least one data point between 0.10mm and 0.30mm passivation line bias lines while there are at least two data points between 0.10mm and 0.50mm passivation line bias lines; 2) δ 0.2BL < δ max = (W-a 0 )/20; 3) δ 0.2BL satisfies: 1.87(Rm/Rp0.2)>[2(dδ/da)] 0.2BL If δ 0.2BL meets the above conditions, the result is the non-dimensional sensitive δ 0.2BL .
Experiment Method
Hardness test results
The experimental data of hardness and hardness increment after 96h soaked in 1700ppm corrosive environment can be seen in Fig 1. The table shows that the hardness of the each specimen will increase up till the maximum and then decrease to the minimum. The maximum hardness increment in the three sets of specimens is 21 and the minimum is -4. （a）original specimens （b）corroosion specimens Figure 2 The value of δ0.2BL and validity judgment of original specimens and saturated H2S corroded specimens
Analysis and discussion
The hardness analysis of 45 steel under hydrogen corrosion
According to the results of hardness test, the hardness of the specimen corroded will increase at first and then decrease Therefore, the impact layer of No. 45 steel are divided into 3 layers. The first layer is the corrosion layer caused by hydrogen sulfide corrosion. The second layer is the impact of hydrogen embrittlement. The third layer which is not affected by corrosion is the parent material which is the part. Suresh S, Giannakopoulos A E [6] paper shows the relationship between hardness and compressive stress as: So the hardness increment is equivalent to produce 239Mpa stress.
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Analysis and Discussion on fracture toughness
δ 0.2BL is indicates the ability to resist crack initiation of the material. The test results show that δ 0.2BL is 0.131mm and 0.08mm before and after the corrosion of hydrogen sulfide. There are differences of 1.64 times between them. It can be seen that hydrogen sulfide corrosion reduces the fracture toughness of the material significantly.
Conversion relationship between δ and K
The crack opening displacement δ and the stress field at the crack tip have a certain relationship. For the crack tip stress field, stress intensity factor K is a physical quantity to describe the electric field, critical stress intensity factor K IC is the minimum stress intensity factor of crack growth and it is an important parameter to measure fracture toughness of materials. In Engineering, the critical stress intensity factor K IC can be estimated by the crack initiation toughness δ 0.2BL .
In the unified test method for fracture toughness [7] [8] , we have: It can seen that the critical stress intensity factor K IC of NO.45 steel before corrosion is about 1.27 times higher than that after corrosion. The result indicates that hydrogen sulfide corrosion increases the brittle fracture susceptibility and decreases the fracture toughness. The literature [9] shows: the critical stress intensity factor K IC in air is 1.63 times higher than that in a hydrogen sulfide environment. Also conclusion that hydrogen sulfide corrosion reduces fracture toughness of metallic materials.
The relationship between K and the average stress field of crack tip
According to the conversion relations of (5) and (6), the corresponding stress intensity factor K=K IC can be obtained.The stress intensity factor K of the crack tip and the nominal stress σ of the crack tip have the relationship: (7):
Y is the shape factor, which is related to the size and position of the crack; σ is the nominal stress; It can be seen from the formulas (9) and (10) that the nominal stress at the crack tip is 1076.1MPa and 845.6Mpa in the air and after corrosion. The difference between stress is 230.5MPa.
Validation of hydrogen stress
From 3.1, it can be seen that the maximum hardness increment of hydrogen induced hardening layer will be 21 after the hydrogen sulfide corrosion of 1700ppm concentration for 96h, which is equivalent to produce 230.5Mpa hydrogen stress. From 3.5, it can be seen that the nominal stress of crack tip is 1076.1MPa.The difference between hardness calibration of the hydrogen stress and COD test conversion of the average crack stress is less than 10%.
Conclusions 1). When
No. 45 steel is soaked in hydrogen sulfide corrosion solution for different time, the hardness value will increase because of the effect of hydrogen embrittlement. The hardness increment value equals 239Mpa stress value.
2). The fracture toughness test shows that the hydrogen sulfide corrosion increases the brittlefracture susceptibility of No. 45 steel, decreases the fracture toughness, and induced 230.5MPa hydrogen stress on the material.
3). By comparing the two groups of experiments, it can conclude that the hydrogen corrosion will cause the additional stress on the No. 45 steel. This stress is hydrogen-induced stress.We hope you find the information in this template useful in the preparation of your submission.
